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35D 859-2 

r- SUMMARY 

Drop t e s t a  arid n i r c r a f t  t e e t s  were conducted 
t o  fitrid?. t h e  z e r o - p  film b o i l i n r  o f  l i q u i d  hydrogen. 
hletnl f 1 Ins  d e p o s i t e d  on micromope  ar l ides  were 
e l e c t r i c n l l v  h e a t r d  in LIT.,. In t h c  drop  t e u t 6 ,  t h e  
th re r ;ho ld  o f  t!le t r c t n s i t i 6 n  t o  f i l ?  b o i l i n g  o c e u r r c d  
betHeen 12,7i)(b ~ : ! d  1P,lic)O BTl’/HrFt’ w i t h  a tempera- 
t u r c  r ice  nt’;lr 11 rr;hrenllei t deGrecc;. The a i r c r a f t  
t e f i t n  r o i i c h l v  ~ = u b s t n n t i a t c d  t h i r  up t o  two ecconda 
of  a e r n - E .  Rcyond t w o  Reconde t h e  d a t n  i n d i c a t e d  a 
B l i g h t  decrease  i n  b o t h  the t e m p e r a t u r e  and Goat 
f l u x  r e q u i r e d  t o  i n i t i a t e  t h e  t r a n s i t i o n  t o  f i l m  
b o i l i n g .  The motion p i c t u r e  r e r u l t a  from hea ted-  
p l a t e  d r o p  ter;\tsl a t  well above t h e  thrcmhold heat 
rate8 showed that  one larpe bubble  waa formed a l -  
mont immedlntr ly .  Figure 5 show. e photo  e n l a r g e d  
f r o m  the v a v i e .  

7. FT,-,;!:,>G .. : P T ~ C F  - o f  t c ~ ; i g ,  the i i q u i r i  w a ~  
d i p c h a r r e d  fram a t u b e  a t  Centaur  s e t t l i n g  v t l o c -  
i t i c s  a g a i n s t  r e l a t i v e l y  warrr! s u r f a c e s  (100 - 300QR). 
See F l p U r e S  6 and 7 .  I t  W A R  no t  r e p e l l e d  u r  appro- 
c i a h l y  a F i t i : t e d .  Figure 8 show6 t h e  quenching c u r v e  
( i . e . ,  heat f l u x  versus t e m p e r a t u r e  d i f f e r e n c e )  for 
s u c h  impingement. 



55D 859-2 
. .  

0 

TABLE OF CONTFmS 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Page 

i 

1 

9 

10 

11 

12 

17 

18 

19 

ii 



55D 838-2 

LH FILM BOILING -2 - - 

l o 0  1,hPTRODUCTION : 

1.1 Durinrr t h e  c o a s t  o r  o r b i t a l  phase  of a t yp ica l  
Centstkr F l i c l t t ,  the  l i q u i d  hydropen w i l l  be i n  
a zero F r a v i t y  f i e l d .  Under such c o n d i t i o n 6  
t h e  liquid would wet the wal ls  o f  an u n h e a t e d  
t n n k ,  leuvinrr t h e  u l l a E e  sptrce i n  t h e  centere 
l lohever,  i t  1.c conce ivable  t h a t ,  d u e  t o  rncchan- 
i c u l  o r  thermnl  e f f e c t s ,  p o r t i o n s  of  t h e  C e n t a u r  
tnnk  Halls w i l l  not be wet ted .  Upon t h e  f i r i n g  
o f  t h e  E c t t l i n R  r o c k e t 6  t h e  l i q u i d  hydraRen 
could be brought i n t o  c o n t a c t  w i t h  a relatively 
w a r m  s u r f a c e  a6 the v e h i c l e  ga ins  momentum. 
T t  waol c o n e i d e r e @  p s e i b l e  t h a t  tlie r e s u l t a n t  
f i l m  b o i l i n g  would repel t h e  l i q u i d  from auch 
R F u r f a c e ,  t h u s  a d d i n a  t o  tlie n e t t l i n R  p r o b l e m .  
In order t o  i n v e e t i p a t e  general l i q u i d  b e h a v i o r  
Lind , f i l r i  ho.+lin* bt t r a n s f e r  _during reduced  
and z e r o  gravity, t e s t 6  were conducted i n  a 
U . S . A . F .  KC-135 a i r c r a f t  a n d  with l a b o r a t o r y  
cyparatus. Tbe F : C - 1 3 , 4  % a s  C L : ~ ) ; )  !e c.f attaining 
F C V ~  rn: ~ c c c ~ ; I i j , ~  o f  i c - r u - p  * h i i t *  'i rir tirop t ee tn  
*ere Iirr>iterl t o  one ~ c * c v t i d  o f  zero-g.  D e t a i l s  
C O P C C ~ R ~ : : P  t h e  f l i g ' i t  trsts ,?;a? be found i n  
(Reference A ) .  

1 



2.0 TEST OBJECTIVES: 

2.1 The t e s t  o b j e c t i v e s  rare  as follorr: 

1 )  The d e t e r m i n a t i o n  o f  t h e  t h r e s h o l d  of t ho  
t r a n s i t i o n  t o  f i l m  b o i l i n g  d u r i n g  eoro-g. 

2 )  The v e r i f i c a t i o n  o f  t h e  exis tence of t h o  
' time dependency.of  f i l m  b o i l i n g  in eero-g. 

3 )  The d e t e r m i n a t i o n  of t h e  hydl'ogen ( l i q u i d  
and v a p o r )  b e h a v i o r  d u r i n g  cero-g when a 
s u r f a c e  i e  h e a t e d  t o  t e m p e r a t u r e 6  where 
film boiling occur.. 

4 )  The d e t e r m i n a t i o n  of the zero-g b e h a v i o r  
of  l i q u i d  hydrogen when b rough t  i n t o  con- 
t a c t  wi th  a r e l n t i v t l y  w a r m  Rufface.  

5 )  The d e t e r m i n a t i o n  o f  t h e  t r a n s i e n t  film- 
b o i l i n g  heat t r a n s f e r  rrhtn t h e  liquid i r  
impinged aqcrinat a r e l a t i v e l y  warm aurtace 
a t  t h e  v e l o c i t y  expec ted  d u r i n g  t h e  i n i t i a l  
l i q u i d  t o  s u r f a c e  c o n t a c t  i n  t h e  Centaur .  

2.2 Note t h a t  f o r  objective ( 4 )  a fixed q u a n t i t y  of 
h e a t  (de t e rmined  by t h e  specimen t e m p e r a t u r e ,  maso, 
and s p e c i f i c  h e a t )  w a s  s u p p l i e d  t o  t h e  L.R , w h i l e  
i n  (3) a f i x e d  r a t e  of heat (and hence a 2ependcnt  
t e m p e r a t u r e )  was used. 

2 
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TEST APPARATUS : 

3.1 The d r o p  tes t  a p p a r a t u s  and t h e  w a l l  boiling 
f l i g h t  t e s t  c a p s u l e ,  d e s c r i b e d  i n  R e f e r e n c e  B, 
were used  t o  etudy t h e  t h r e s h o l d  of t r a n s i t i o n  
t o  f i l m  b o i l i n g  and i t s  time dependency. 

3.2 This drop t e s t  a p p a r a t u s  was a l s o  u.srlr! t o  deter-  
mine f h c  l i q u i d  and v a p o r  b e h a v i o r  diJring sero-g 
when €1 s u r f a c e  H B S  Ruddenly hea ted  ti:. t empera tu rcp .  
rificre f i l m  b o i l i n k  would occur .  T h i ~  t e s t  s p c c i -  
men was .a p i e c e  o f  301 ( e x t r a  f u l l  t\tc,rd) e t a i n l c w  
s t e e l ,  0.010'' t h i c k  w i t h  a h e a t i n p  e u r f a c e  o f  2.0 
e.;uare i n c h e s .  I r  WAB Lne'uluted an t t ic  under  s i d e ,  
Tlie power s u p p l y  wus ,mod i f i ed  i n  order t o  oupply 
h e a t i n g  power t o  t h i s  loa' r c c i c t a n c o  specimen 
(.04 .olbnic) , ?he f i l m  h o i l i n q  we5 phot.ographed by 
fi c , r j : i c o n  - , i r r  i fre  camvre .  S'o t em] ,c rP . t~~rem were 
mensurc*rl. 

7 , S  The t c e t a  f o r  d c t r r m i n i n q  tlte l .iqui(! ' t . ' .avior 
upon c e a t a c t  H i t h  a r e l a t i v e l y  i i a r m  st..;' f a t e  and 
t h e  heat t r a n s f e r  d U r 1 n K  t h e  c o n t a c t  Hflre con- 
d u c t e d  n i t h  t h e  r e l a t i v e l y  s imple  w a r m  p l a t e  
impingement c a p s u l e ,  F i r u r e  1 T h i s  ccipsule 
c o n r i i s t e d  of a t u b u l e r  frame which hoiifird t h e  
f n 1 1 ow i ng components : 

1) the 4.3 l i t e r  'dewar t h a t  c o n t a i n e d  the 
I,R t h e  p e r c o l a t o r ,  and t h e  h e a t e d  
specimen; 2' 

2 )  t h e  motion p i c t u r e  camera and l i g h t s ;  and 

3) t h e  t iming  l i g h t s .  

( C o n t i n u e d )  

3 
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The cupn\ , Ie  Wns connected by a t r H i l i n g  mire t o  
t h e  pohcr S , U J  i ' ly  arid Sarillorn r e c o r d e r  which were 
solidly , r t t k 4 c h t d  t o  t h e  e i r c r e f t .  The e f f e c t  o f  
t h e  t r f r l i r i r  Hire  0x1 t h e  cnpfiule d u r i n g  ttro-g 
W A S  cori'i l c r c d  n t F l i g i b l e  f o r  t h i s  test. The 
l i q u i d  h y  . r ~ r e n  was impinred  a g a i n s t  t h e  speci- 
tzen by t h r s  Icbrcolator,  Fioure  2. Khen t h e  
r c c ; i s t G r  c r t i n c r  e lcmcnt  t+ r t h i n  the r e s e r v o i r  
o f  t h e  1 I v-c i r i t o r  HHS encrt*A;.r*r! a hydrogen gas 
h u b l l t -  \ ,I - f t  r med, The, c \ : J  I :!-tion o f  this bubble  
forced t ! I  i ,, o u t  o f  t t l c  rr+crvoir, t h rough  the 
C C I I ~ : I ~ C  t~ I ~ Y  t .<tie,  and c i ~ o  1 1 l t . t  t h e  p l a t e  tspccirntn 
n t  vtl(tr I 1 i t  !- rlew I/: ft,/+-ec. A t  t h e  end of a 
P C T O - E  t :  .'. c t c l r !  C ; r n l r l l  1 1 ( ~ 3 t  q l r , ca t ed  on the 

2 t o p  sild hcPttc m of the reccrvctir  p e r m i t t e d  LH 
t o  refill ttle reger-voir  i ? i i rJ  r l l b w  t h e  r e s i d u a l  

locatc . !  A , ' -  i f  c h  above t l r e  jlc.r.coletor tube out- 
l e t  r.ci ,(  ' 
Rotti t l  t l ~ k r ~  s t a i n l e s s  R t t  c b l  t pec inen  and a copper  
"pecipr ri 1 ' 1  3 I? used t o  ob! i n  t!,r r e q u i r e d  d a t a ,  
The c = t ; l ; i l l f  F 6tet . l  e p C r ? r w n  U ~ P  uecrd t o  study 
l i q u i d  t c 1  !:ir'r w h i l e  t h v  coilrwr epecimen waa 
uFcd t c  r - e 4  a h 1 2 p b  t v  P t r : : ! l c  x !  r t  film boiling 
h c u +  3' ) )  f r $ 1  S?"pr ?,I:? !yl: L: L'!."!2.".t. The 
s t e i n l c i  v t e e l  epec inen,  T'I w r c  3, c o n R i s t e d  
of a  pi"(^ n f  301 ( e x t r R  f i l l1  I ~ i ~ r d )  e t a i n l e e s  
steel, ~).010"  t h i c k  ati$l 2 :w-l  C P  i n  d i ame te r .  
The n l d i ! r . r i c  ' elid S H C P  o f  1 1 1 ~  ~ieec imen nhcre 
chor;ei\ t o  r + . i t c h  t h e  r r p r c h t l i l t ~ t t ~ v e  tank wall 
and 1. I : I  t <id w n t e r i n l s  i n  t h v  Centaur Yehicle. 
The p1 , i l t  *iis heated by R r e e i F t a n c e  h e a t i n g  
element idd its t empcra tu re  htis menRured by 
copper-cons ta r i tan  thrrmocoirylep. The c o p p e r  
p l a t e  F'pccirrten, Figure  4 ,  c o n s i s t e d  of  1.0 i n c h  
d i a m e t e r  p l n t e  3/16 inch thick. To reduce edge  
e f f e c t p ,  t h e  1.0 inch p l a t e  was i n s u l a t e d  around 
i t s  erlrF*s w i t h  an epoxy r e s i n  and su r rounded  w i t h  
a t w o - i n c h  diameter nuard r i n g  of copper. The 
c o p p e r  p l a t e  and guard r i n g  were a180 heatsd 
f rom the rear by a r e s i g t a n c e  h e a t i n g  element .  

-*e &"" tc excz;  e .  ?!;: npecine:; un;!er t s e t  :a= 

: (, the i r r p i r r y j  r i l l  htrefim o f  LHZ. 

4 
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PROCEDURE: 

The p rocedure  used w i t h  t h e  w a l l  boiling c a p s u l r  
and t h e  d r o p  test  a p p a r a t u e  wae t h t  same ae t h a t  
d e s c r i b e d  i n  Reference B. A manual "pan ic  nwitch" 
was added t o  t h e  wall b o i l i n g  c a p s u l e  t o  cu t  o f f  
power if a .breakarray t e m p e r a t u r e  r i s e  o c c u r r e d .  
Plotion p i c t u r e  coverage of t h e  a c t i o n  w i t h i n  t h e  
dewar uas a l l t h a t  was r e q u i r e d  f o r  i n v e s t i g a t i n g  
t h e . l i q u i d  and vapor b e h a v i o r  i n  film b o i l i n g  
( T e s t  O b j e c t i v e  3 ) .  

P r i o r  t o  conduct ing the f l i g h t  tests w i t h  the 
warm-plate impinqement c a p s u l e ,  t h e  f o l l o w i n 8  
m i n i m u m  datn requirementn were e a t a b l i s h e d  f o r  
each  t y p e  of specimen: Two Rood t r a j c c t o r i e e  at 
tempcr:.turt-s o f  300, 200, and 100°R, The l i q u i d  
v e l o c i t y  i n  each caee wa8 t o  be ,about  1/2 ft/scc, 
-. i n e  i n i i i a i  temperature  a? the plates W Q O  iikoaiii 
t o  c o v e r  t h e  valuea t h a t  would be e x p e c t e d  t o  
occur r iur inp Q Ccntnur Flight. The vcloc i . ty  
ehoRen W ~ R  ont which would be typical d u r i n g  t h o  
i n i t i a l  l i q u i d  t o  aurfarra c o n t a c t .  

A t y p i c a l  t e n t  sequence W B I  am fo l lowr :  

1; Tiic c::::':! ; i-; ec.zrder :;&e t:iti;ed ci;, &r;d 
heat WBR w r p l f e d  t o  the  p l a t e  j u r t  p r i o r  
t o  e n t e r i n g  t h e  t r a j e c t o r y .  

, 2 )  t!pon cntcring the trajectory, t h e  p l a t e  
heHt was turned o f f ,  and t h e  camerei and 
lithts were t u r n e d  on. 

3 )  A t  t h e  p i l o t 1 -  command, t h e  c a p s u l e  ra6 
r e l e a s e d ,  and t h e  p e r c o l a t . o r  wae e n e r g i z e d .  

4 )  A t  t h e  e n d  of  t h e  maneuver, t h e  c a p s u l e  
was secured and p r e p a r e d  f o r  t h e  n e x t  
t r a j e c t o r y .  
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5 .O RESULTS AND DISCUSSION: 

5.1 The r e c o r d e d  d a t a  (open v e n t  o n l y )  from t h e  one second 
d r o p  t e s t s  i n d i c a t e d  t h a t  t h e  t r a n s i t i o n  t o  f i l m  b o i l i n g  
o c c u r r e d  a t  h e a t  f l u x e s  between 12,500 and 18,OOO 
BTU/Hr F t 2  w i t h  a t empera tu re  rise n e a r  11 F a h r e n h e i t  
deg reea .  The a i r c r a f t  d a t a  (open and c l o s e d  v e n t )  
r o u g h l y  s u b s t a n t i a t e d  t h i s  up t o  two second. o? earo-g. 
Beyond 2 s e c o n d s ,  t h e  data i n d i c a t e d  a 8 l i g h t  d e c r e a s e  
i n  t h e  t e m p e r a t u r e  r e q u i r e d  t o  i n i t i a t e  t h e  t r a n a i t i o n  
t o  f i l m  b o i l i n g .  See F i g u r e  9. A s imi l a r ,  b u t  even 
lenr well d e f i n e d  t r e n d  in t h e  h e a t  f l u x  r e q u i r e d  t o  
i n i t i a t e  film boiling I s  p r e m n t e d  i n  F i g u r e  10. (Note 
t h a t  t h e  re ferenco  t e m p e r a t u r e  o f  t h e  c l o a e d  v e n t  r e -  
a u l t e  was t a k e n  4s t h e  lsi i turotion t e m p c r a t u r e  a t  t h e  
dewar v r p o r  p r e r a u r s  a t  t h e  inr tant  o f  t h e  meenuremcnt. 
Yo nuch c o r r e c t i o n  waa tievined f o r  t h e  h e a t  flux d a t a ) ,  

A r e v i a w  of t h e  not ion p i c t u r e  r e e u l t r  waa unde r t akan  
t o  d e t e r m i n o ,  ( i f  ponniblo) t h a  remot1 f o r  t h i r  yhenem- 
anon, Tho rerultr of tho r a v i a w  ware AI followrl 

1) During t h e  rrircraft open-vent t e n t r  a l r r ~ o  
~ vapor  bubble (poraibly p s ~ t  of  t h e  u l l a g e  r p a c o )  

war m e n  i n  the v i c i n i t y  of  t h e  hocrtod $pocimen. 
T k i r  bubble c o u l d  have c a u ~ e d  t h a  breakaway r i r o  

' i n  t empera tu re  by o n v e l s p i n g  t h a  y l a t a ,  Tho 
photon were very poor .  

2) Photo6 o f  the c loned  v e n t  t r a j c c t o r i e e  r e v e a l e d  
that t h e  cro*th of the s i n a l e  vapor  bubble  be- 
came r e c l t r i c t c d  by a b a f f l e ( l )  j u s t  p r i o r  t o  t h e  
i n c r e a a e  i n  t e m p e r a t u r e .  A f t e r  t h e  bubb le  en- 
t r a p m e n t ,  vapor w i i s  w e n  i n  t h e  form of a bubb le  
on t h e  g laas  s i d e  of t h e  Fpecimen, i n d i c a t i n g  a 
d e c r e a s e  in h e a t  t r a n s f e r  from t h e  metal f a c e  
( a n d  an i n c r e a s e d  t e m p e r a t u r e ) .  T h i s  b rough t  to  
mind t h e  p o s s i b i l i t y  of  a geometry e f f e c t  on h e a t  
t r ans fe r .  The magnitude o f  t h i s  e f f e c t  cou ld  be 
de te rmined  i f  a t r a j e c t o r y  w a s  f lown w i t h o u t  t h e  
e f f e c t  of  t h e  b a f f l e ;  and t h i s  was done. The 
da ta  t h u e  o b t a i n e d  were even lower t h a n  t h e  b a f f l e  
data. T h i s  would t e n d  t o  ca s t  doub t  upon t h e  
geometry e f f e c t .  

(1) See Refe rence  A. 
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5,O RESULTS A N D  DISCUSSION: (Con t )  

I n  a f a r t h e r  a t t e m p t  t o  g a i n  a b e t t e r  u n d e r o t a n d i n g  of 
t h e  problem, d a t a  woa examined from t h e  f i r m t  four  
Aerobee t es t s  conducted by t h e  Lewie Reeearch Centor .  
The burn o u t  l o c a t i o n 6  and  times r e p o r t e d  do n o t  8 . e ~ ~  
t o  be t h e r m a l l y  c o n R i s t e n t  w i t h o u t  p o s t u l a t i n g  t h a t  t h e  
geomet r i c  o r  mechanical c o n d i t i o n s  a f f e c t  t h e  t h e r m a l  
p i c t u r e .  

5.2 The t ime  dependency a f  f i l m  b o i l i n g  in s e r o - g  i8 a t i l l  
UnreBolvCd. Our data  i n  p r e s e n t e d  i n  F i g u r e a  8 and 9 
f o r  t h o  r e a d o r  t o  e v a l u a t e  f o r  him8elf .  Several apac- 
u l a t i o n n  on t h e  C B U R C  of  t h e  t ime daprndency  have been 
p u t  f o r t h  by t h a e e  who have worked c l o r e l y  o n a t h i 8  pro- 
j e c t .  We have riot ,  however, boon a b l e  t o  r e d u c e  any 
o f  t h c a o  mpecu l s t ion r  t o  v e r i f i a b l o  t h e o r y .  

5.3 The motion p i c t u r e  r e r u l t a  f r o m  the f i l m  b o i l i n s  drop. 
t e n t s  r e v e a l e d  t h a t  one l a r g o  bubble farmed a l n o a t  
immcdfatoly o v e r  t he  h e a t e d  p l a t s .  F i g u r o  5 i n  a 
i t i l l  photograph onlargod from the 16  MM f i l m .  To 
allow f o r  t h e  poor r c r o l u t i o n  of t h e  e n l a r g e e o n t ,  a 
akatch i8 p r e m n t e d  t o  show more c l e a r l y  t h e  bubblo 
format i on, 

5.4 The motion p i c t u r e . r e s u l t s  o b t a i n e d  from t h e  w a r m  
p l a t e  impingement t e s t s  r e v e a l e d  t h e  l i q u i d  hydrogen 
was n o t  r e p e l l e d  o r  a p p r e c i a b l y  a g i t a t e d  when i t  i m -  
p inged a g a i n s t  (L r e l a t i v e l y  w a r m  s u r f a c e  ( w i t h  a l imited 
h e a t  c o n t e n t ) *  I n  o r d e r  t o  show t h a t  n o - r e j e c t i o n  of 
t h e  l i q u i d  occurs, a ser ies  of still pho tograph8  from 
two t y p i c a l  t r a j e c t o r i e s  are p r e s e n t e d  i n  F i g u r e 6  6 
and 7 ,  Again s k e t c h e s  are inc luded .  
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5 . 0  RFStJLTS AND DISCUSSION: (Cont 

5 . 5  The f i l m  b o i l i n g  h e a t  t r a n s f e r  d u r i n g  t h e  impinge- 
ment a g a i n s t  t h e  c o p p e r  p l a t e  was de te rmined  in 
accordance  w i t h  t h e  f o l l o w i n g  a e s u n p t i o n s :  

1 )  S i n c e  t h e  p l a t e  w a s  guarded,  t h e  o n l y  tea- 
p e r a t u r e  g r a d i e n t  p r e s e n t  w a s  normal t o  t h a  
exposed s u r f a c e ,  . 

2)  S i n c e  the t h e r m a l  c o n d u c t i v i t y  of c o p p e r  was 
h i g h  and p l a t e  was t h i n ,  t h e  t e m p e r a t u r e  

l i g i b l e  . ' g r a d i e n t  t h r o u g h  t h e  p l a t e  was assumed neg- 

Tn view o f  t h e s e  w s u m p t i n n u  t h c  rate of  h e a t  1 0 ~ s  
p e r  unit area (heat flux) is: 

q I u c  - 
A d t  

,Where : q I h e a t  f l u x  
M .  I t h e  maus o f  t h e  p l a t e  
C I t h e  txpecif ic  h e a t  o f  copper 
A I the r u r f u c o  area 

dT I t l i o  r a t e  of change t e m p e r a t u r e  
w i t h  time (Sanborn r e c o r d i n g )  

Two trajectories wcrt f lown without the l i q u i d  being 
imprngcd upon the s t a i n l e e s  e t e c l  p l a t e .  Prom thin, 
tne h e a t  f l u x  t o  hydrogen ga. kua ob'faihed. T1161e 
veluca  were Rubtrcrcted from, t h e  lieat 10.6 ra t s  d u r i n g  
Lii2 impinqcment t o  a l l o w  f o r  t h e  h e a t  l o s t  from t h e  
ba,ck of tire p l a t e  t o  t h e  gaa. F i g u r e  8 p r e r e n t 6  t h e  
results. A 1 6 0  t h e  zero-g n u c l e a t e - b o i l i n g  hcat- 
t r d n b f e r  d a t a  from Rcfcremcc b is i n c l u d e d  on F i g u r e  
8 for comparison, even though i t  i 8  n o t  s t r i c t l y  com- 
p a r a b l e  w i t h  the impingement h e a t  t r a n s f e r  d a t a .  The 
n u c l e a t e  b o i l i n g  t e s t  s t a r t e d  w i t h  P i q u i d  c o m p l e t e l y  
s u r r o u n d i n g  t h e  p l a t e .  The g a s  produced by t h e  b o i l i n g  
b u i l t - u p  at3 a bubble n e x t  t o  t h e  p l a t e  -- i - e . ,  t h e  
g e n e r a l  l i q u i d  m a 6 8  was h e l d  away from t h e  p l a t e .  In 
c o n t r a s t ,  t h e  impingement t e s t  s t a r t e d  w i t h  g a s  eur- 
r o u n d i n g  t h e  p l a t e ,  and t h e  b o i l - o f f  c o u l d  eas i ly  
escape into t h e  u l l a g e  s p a c e  w i t h  t h e  l i q u i d  r e m a i n i n g  
c l o s e .  t o  t h e  p l a t e .  

8 
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STAINLESS ./ PLATE 

LIQUID 

\ P E R C o z A  TUBE 1 BAFFLE 

1 SECOND AFTER CAPSULE RELEASE; 
PLATE TEMP = 195" R,  VELOCITY = 3 .0  IN/SEC 

A 

e 

2 SECONDS AFTER CAPSULE RELEASE; 
PLATE TEMP = 173" R ,  VELOCITY = 3 . 0  IN/SEC 

B 

3 SECONDS AFTER CAPSULE RELEASE; 
PLATE TEMP = 157" R ,  VELOCITY = 3 . 0  IN/SEC 

C 

FIGURE 6 



0.92 SECOND AFTER CA 
PLATE TEMP = 279" R ,  VELOCITY = 5.0 IN/SEC 

C 

FIGURE 7 
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